T he natural history of pediatric Crohn disease (CD) remains unpredictable, although some trends are observed that differentiate children from adults. Pediatric CD often presents with more severe disease and more frequent need for immunosuppressive therapy (1) . Growth failure, present in 15% to 20% of patients, is a unique characteristic of pediatric CD not seen in adult-onset CD (2) . Colonic disease distribution is common in patients younger than 10 years (1). The need for surgical intervention also varies, with 1 study reporting the actuarial risk of having undergone an extensive intestinal resection being 48.6% AE 5% in a childhood-onset group versus 14.6% AE 2% in the adult-onset group (P < 0.001) (1) . More recently, long-term follow-up of patients enrolled in pediatric registries shows a cumulative surgical rate of 14% to 17% at 5 years and 28% at 10 years (3, 4) .
Pathogenesis of Internal Penetrating Disease in CD
The postoperative evolution of recurrent CD is a helpful model to understand the pathogenesis of internal penetrating CD (5, 6) . In this model, a primary focal inflammatory infiltrate forms in the ileum proximal to the anastomosis. Aphthous ulcers may appear within 3 months of the operation. The superficial ulcers may evolve into deeper and more extensive transmural lesions.
Transmural inflammation can progress to the formation of an inflammatory mass, or phlegmon, adjacent to the affected loop of bowel. A phlegmon is an acute suppurative inflammation of the subcutaneous tissue. The phlegmon may undergo liquefaction necrosis, resulting in an abscess, which is a circumscribed collection of pus. The tissue destruction involved in an enlarging abscess may lead to fistula formation. A fistula is an abnormal passage or tract resulting from a break in the integrity, or perforation, of the bowel wall, which then allows leakage of intestinal contents into the peritoneum or another adjacent organ. Deep ulceration and transmural inflammation may be followed by the formation of a stricture (7) . Symptoms often are delayed for 2 to 3 years after the development of inflammatory lesions. These data indicate that the main risk factors for fistula formation appear to be severe luminal disease, ileal disease, and the presence of strictures. Perianal disease is related to perianal glands and is beyond the scope of this report.
One of the special features of the ileum is the abundant lymphoid tissue in the Peyer patch. Patients with CD have been reported to have defects in the follicle-associated epithelium and an increase in the adherence of commensal bacteria (8) . Adherentinvasive Escherichia coli bind to CEACAM6 on the gut mucosa and replicate in epithelial cells and macrophages and stimulate production of tumor necrosis factor (TNF) (9) . The outer membrane porin molecule, pili, and flagella play a role in adherence, and these interactions may explain the presence of antibodies to these molecules as markers in CD (10) . NOD2, a genetic marker for stricturing ileal disease, is a key sensor for intracellular bacteria (11) . Recent evidence shows that NOD2 and the autophagy gene, also associated with CD, form a complex at the cytoplasmic membrane (12) . Recognition of muramyl peptidase by NOD2 induces autophagy and bacterial clearance. Defects in autophagy prevent the killing of intracellular bacteria. Bacteria proliferate in epithelial cells, macrophages, and dendritic cells, which may provide the breach in the mucosa necessary for the start of an abscess or fistula. Opportunistic bacteria may then follow. The production of metalloproteases by these opportunistic bacteria, such as Clostridium perfringens, degrades basement membrane type IV collagen and the extracellular matrix, resulting in further tissue destruction (13) . Morphologic studies show that internal fistulae from patients with CD have a lining of flattened intestinal epithelium without goblet cells (14) . Nonepithelialized fistulae have a layer of myofibroblasts forming a new basement membrane. All fistulas are surrounded by granulation tissue and, in CD, inflammatory cells including memory T cells, B cells, and macrophages. This lining may prevent further invasion and dissemination,
Risk Factors for Developing Complicated CD
Longitudinal registry data show that children diagnosed between the ages of 13 and 16 years have an increased risk of bowel surgery compared with younger children (4). These surgeries included bowel resection, ostomy, strictureplasty, and appendectomy. The disease extent at baseline was associated with the occurrence of intestinal complications. Relative to a patient with colonic disease, a patient with isolated terminal ileal disease or ileocolonic disease was at a higher risk (6-to 9-fold) of developing stricturing or penetrating disease (15) . The cumulative incidence at 5 years of stricturing or penetrating complications was 27% of 989 pediatric patients and complicated disease was lowest in isolated colonic disease (16) . Children with esophageal involvement compared with children with nonesophageal CD had greater disease severity (Pediatric Crohn Disease Activity Index of 40 vs 24, respectively, P < 0.001) and more penetrating disease behavior (12% vs 2% respectively, P ¼ 0.001) and greater frequency of perianal disease (51% vs 33% respectively, P ¼ 0.005) at diagnosis (17) . In comparing 270 cases with and without fistulas, cases with fistulas tended to have more intraabdominal abscesses (P ¼ 0.044), more frequent operations for perianal fistulae and abscesses (P ¼ 0.001) as well as a higher incidence of combined small bowel and colonic disease (18) .
In a study of serologic markers in 196 pediatric patients with CD, 28% developed internal penetrating and/or stricturing disease. The odds of developing internal penetrating/stricturing disease were highest in patients who were positive for all 4 immune responses (odds ratio 11, 95% confidence interval [CI] 1.5-80, P ¼ 0.03). Patients positive for !1 immune response progressed to internal penetrating/stricturing disease soon after diagnosis as compared with those negative for all immune responses (P < 0.03) (19) . Mutations in the NOD2 gene have been associated with ileal disease location and fibrostenotic behavior, but not penetrating disease behavior.
EVALUATION Clinical Presentation: History and Physical Examination
The commonly reported presenting symptoms and findings of internal penetrating disease include abdominal pain (84%), fever (49%), nausea and vomiting (41%), diarrhea (25%), and fistula (14%) (20) . An abscess may present subacutely or with acute onset of abdominal pain and sepsis. Occasionally, there may be signs and symptoms of partial bowel obstruction, including colicky pain, abdominal distension, vomiting, and intermittent constipation (21) . The right lower quadrant, specifically the ileocecal area, is the most common site of the abscess, with the pelvis being the next most common (22) .
Urinary symptoms may be present if the abscess is adjacent to the bladder. Refusal to walk may indicate irritation of the psoas muscles from the inflammatory process surrounding ileal disease. There can be shortness of breath and abdominal or shoulder pain with deep breathing when there is irritation of the diaphragm.
Physical examination may reveal localized tenderness and possibly a mass. There may be peritoneal signs, suggested by rebound tenderness. An abscess resulting from ileal disease may be difficult to distinguish from appendicitis or a ruptured appendix with abscess, with pain in the right lower quadrant and psoas signs, including pain with heel tap or straight leg raise. On rectal examination, there may be a warm, tender bulge into the rectum if the abscess is in the pelvis. With either abscess or fistula, there may be additional signs of active CD, including weight loss, poor growth or development, oral aphthous ulcers, erythema nodosum, arthritis, or perianal signs such as tags, fissures, or perianal fistula.
Laboratory Evaluation
Laboratory investigation should include a complete blood cell count with differential white blood cell count to look for signs of inflammation, anemia, and thrombocytosis. Erythrocyte sedimentation rate and C-reactive protein can be useful, especially when recent values can be compared. Measurement of the serum albumin level may be helpful to support a diagnosis of protein wasting or chronic malnutrition. In the patient with abdominal pain and vomiting, liver and pancreatic function tests should be evaluated as well. A urinalysis should be obtained if there is dysuria, urinary frequency, or pneumaturia. Blood and urine cultures should be obtained in an acutely ill patient with fever.
Radiologic Evaluation
Cross-sectional imaging plays an important role in patients suspected to have complicated CD. When complicated CD is suspected in the acute setting of an intraabdominal abscess, both ultrasonography (US) or computed tomography (CT) can be used as the initial imaging evaluation. US has the inherent advantage of imaging without the use of ionizing radiation, but is relatively operator dependent. CT is readily available and frequently used in the acute setting when US does not answer the clinical question. CT can readily demonstrate bowel wall thickening, bowel dilation, and mesenteric fat proliferation, and unlike US, CT is not limited by bowel gas. Magnetic resonance (MR) and CT enterography carry the added value of identifying the presence of a fistula that may be feeding into the intraabdominal abscess. The sensitivities of CT enterography (83%-95%) and MR enterography (90%-100%) are comparable with the small bowel follow-through (65%-90%) in the detection of active small bowel disease but are more sensitive for the detection of extraenteric complications involving the solid organs (23) . CT enterography and MR enterography have similar sensitivity rates in the evaluation of active disease, with CT having a slight advantage in the evaluation of bowel wall enhancement because of less artifact from peristalsis (24) . Expertise in CT enterography may be more readily accessible than MR enterography, but the latter is the preferred modality when available. Because of the increased risks of ionizing radiation in patients with CD, and the potential for this patient population to be exposed to a large number of imaging studies during the course of their lifetime, MR enterography is frequently the imaging modality of choice. Ultrasonography or MR imaging should be used to follow-up a previously identified abscess to avoid additional radiation exposure (24) (25) (26) .
Endoscopy
Few studies in the literature define the role of endoscopy in fistulizing CD. Endoscopy may be necessary to further characterize disease extent and severity, to evaluate possible infectious complications of immunosuppression (cytomegalovirus, Clostridium difficile), and to facilitate therapeutic decision making, especially in light of impending surgical intervention. The optimal timing for performing colonoscopy following treatment of an intraabdominal abscess is also unclear, although some clinicians recommend waiting 4 to 6 weeks (27) .
Infectious Disease Evaluation
Empiric antibiotics should be initiated in the presence of an intraabdominal abscess, and abscess drainage for both therapeutic and diagnostic purposes should be pursued to allow specific antimicrobial coverage. Aerobic and anaerobic cultures of blood and abscess fluid should be sent, with at least 1 mL of fluid for reasonable culture yield. Culture yield can be increased with larger samples. Abscess fluid should be placed in clearly labeled blood culture bottles and sent to the microbiology laboratory immediately. Yeast (Candida) will grow in a routine blood culture, so dedicated fungal cultures are not necessary under most circumstances.
TREATMENT Medications Antimicrobials
Initial Choice of Antimicrobials. Recently updated guidelines published jointly by the Surgical Infection Society and the Infectious Diseases Society of America are helpful in the management of abdominal infections, including in the setting of CD, and should be followed (28) . Most patients with CD with an abdominal abscess will have had multiple experiences with the health services system and should be classified as health care associated; hence, coverage for potential nosocomial organisms (Gram-negative aerobic and facultative bacilli: Pseudomonas aeruginosa, Enterobacter species, Klebsiella species), in addition to community-acquired pathogens (coliforms and anaerobes: Escherichia coli, Enterococcus species, Bacteroides species, Peptostreptococcus species), should be provided initially. Initial empiric antibiotics should be selected from one of the accepted broad-spectrum intravenous regimens: a carbapenem (imipenem, meropenem, or ertapenem), a b-lactam/ b-lactamase-inhibitor combination (piperacillin-tazobactam or ticarcillin-clavulanate), or an advanced-generation cephalosporin (ceftazidime, cefepime) with metronidazole (28) ( Table 1) . Enterococcal species (eg, Enterococcus faecalis) are the most susceptible to the penicillins and vancomycin. Vancomycin should be used empirically if the patient has had recent cephalosporin exposure, a history of previous infection, or colonization with enterococcal organisms (28) . Drainage with aerobic and anaerobic cultures of the abscess material should be attempted and antibiotics tailored when culture and susceptibility reports become available. Generally, aggressive therapy for methicillin-resistant Staphylococcus aureus, enterococcus, or fungus should be prompted only by a positive culture, methicillin-resistant S aureus colonization, or a previous infection. Fluoroquinolones should only be used if >90% of E coli are susceptible; a carbapenem-or piperacillin-based regimen with adjunct aminoglycoside therapy should be chosen if there is a significant frequency of resistance to extended-spectrum b-lactamase or ceftazidime at the local facility (28) .
Use of Oral Antimicrobials. Oral therapy is reasonable to consider in the context of decreasing fever, controlled pain, ability to tolerate oral fluids, and ability to ambulate (28) . The oral agent used must be active against all microbiologic isolates. Suggested oral regimens include a second-or third-generation cephalosporin combined with metronidazole, or amoxicillin-clavulanate if the isolated organisms are susceptible. A fluoroquinolone (ciprofloxacin or levofloxacin) may be used to treat susceptible Pseudomonas, Enterobacter, Serratia, and Citrobacter species (28) . If ciprofloxacin or levofloxacin is used, metronidazole should be added. A generally accepted principle is to reserve fluoroquinolones for more resistant enteric organisms. Resistance to fluoroquinolones can develop on therapy, so they must be used with caution and with close follow-up of the patient's clinical condition. When fluoroquinolones are the best option for the circumstance, this should be explained and discussion with the child's family about the extremely small potential for tendonitis or tendon rupture should take place, but should not prevent the child from receiving the antibiotics (29) . In patients younger than 19 years, the relative risk (RR) of verified tendon or joint disorders was not different in those who received ofloxacin and ciprofloxacin (RR 1.04, 95% CI 0.55-1.84) compared with those who received azithromycin (RR 1.04, 95% CI 0.72-1.51), likely reflecting the background incidence of these disorders in children (30) .
Duration of Antimicrobial Therapy. Seven days of antimicrobial therapy is sufficient for situations in which complete (percutaneous or surgical) drainage is achieved (28) . In most cases of abdominal abscess in the setting of CD, however, source control is difficult to achieve. An abdominal abscess in the setting of CD cannot be considered definitively treated until complete resolution has been documented by an imaging study. For a completely drained abscess, antibiotics should be continued for at least 3 to 7 days. Resolution of the abdominal pain and intestinal obstructive symptoms, along with defervescence, signify response to therapy. A longer course of antibiotics, along with re-imaging, should be considered if clinical improvement is not seen within 3 to 5 days of initiating therapy (27) .
CD-Specific Therapies
Aminosalicylate. There are no data indicating that aminosalicylates are useful in the treatment of internal penetrating CD. For the most part, these agents are continued for the management of active bowel disease.
Corticosteroid. There are no controlled studies evaluating the use of steroids for Crohn fistula. Corticosteroids should generally be avoided in fistulizing disease because of an increased risk of abscess (31) . In patients who are already receiving corticosteroid therapy at (27) , although one should attempt to wean the dose to <20 mg/day, but not below twice the physiologic steroid replacement, to avoid the increased risk of perioperative complications should a surgical intervention be necessary (32) .
Immunomodulators. Pediatric studies have shown the efficacy of immunomodulators (6-mercaptopurine, azathioprine, and methotrexate) in maintaining remission in pediatric CD (33) (34) (35) (36) . Additional studies in adults show that at least 30% of fistulas achieve complete or partial closure with immunomodulators. Long-term therapy, however, is necessary to maintain fistula closure (37, 38) . Uncontrolled studies in adults show that intravenous cyclosporine is effective in fistula closure but will not maintain response over the long term (38) .
Biologic Therapy. In the absence of randomized, prospective clinical trials, uncertainty persists about how beneficial TNF-a inhibitors may be in the acute setting of an abdominal abscess in aiding resolution. Clinicians are often faced with the dilemma of whether to continue or hold anti-TNF therapy in the setting of an intraabdominal abscess. A series of 100 patients with opportunistic infections showed that most opportunistic infections from immunosuppressive drugs used for inflammatory bowel disease were from viruses, fungi, or mycobacteria, pathogens requiring a strong T-cell response for control (39) . The ACCENT II study data were analyzed to determine whether fistula-related abscess development was affected by infliximab exposure (40) . Twenty-seven (19%) of the patients in the placebo maintenance group compared with 21 (15%) patients in the infliximab maintenance group developed at least 1 new fistula-related abscess (P ¼ 0.526), indicating that maintenance infliximab does not result in increased abscess development in fistulizing CD. In adults, there was no increase in postoperative abdominal abscesses observed after surgery performed while patients were on TNF-a inhibitors, and the authors suggested that there may be a drug-associated benefit in the setting of an acute abdominal abscess (40) (41) (42) . It has, therefore, been proposed that TNF-a inhibitors be continued in the setting of treatment of an active CD-related abscess (42) . Expert opinion among adult gastroenterologists indicates that immunosuppressive therapy can be started soon after successful percutaneous drainage of the abscess (27) . This question deserves research attention so that reliable practice parameters can be established in the pediatric population. Infliximab has been shown to be effective in the treatment of CD draining abdominal, perianal, or rectovaginal fistula in multicenter, randomized, double-blind, placebo-controlled trials (43, 44) . There are no randomized studies evaluating the efficacy of infliximab for internal fistulas. A case report described the beneficial effects of infliximab in 5 children with CD and enterovesicular fistulas, 3 of whom were asymptomatic and 2 required surgical resection (45) .
Percutaneous Interventional Management
Percutaneous abscess drainage (PAD) was formerly avoided in patients with CD because of the fear of creating a postdrainage enterocutaneous fistula. Present studies indicate that PAD is an effective treatment for intraabdominal abscesses in CD. Simple, unilocular abscesses respond well to PAD, with success rates up to 90% and lower rates for complex abscesses. Multiple abscesses and postoperative collections can be drained successfully in the nontoxic patient (46, 47) . PAD should generally be considered as initial therapy in collections >2 cm in size (to accommodate a drain's distal pigtail), although percutaneous aspiration can be used for smaller collections to obtain a specimen for culture. Most abdominal abscesses will require US guidance, whereas abscesses in the pelvis will likely require CT guidance or a transrectal approach combined with US and fluoroscopic guidance. A standard Seldinger technique is commonly used in which the fluid collection is punctured with an 18-gauge needle using image guidance. A fluid sample is obtained followed by insertion of a 0.035-inch guidewire. After tract dilation, a pigtail locking drain (6F-12F) is inserted. The drain is flushed, secured to the skin with suture, and connected to gravity drainage. Daily irrigation with normal saline is performed and drain outputs followed. When outputs fall to <10 mL/day (5 mL/day in infants) and the patient is clinically improved, the drain can be removed (48) . If there is persistent drain output, then an abscessogram is performed with contrast injection to evaluate for the presence of a fistula. In some cases, PAD along with medical therapy may avoid the need for surgical intervention in the acute setting, especially when a fistula is not present.
PAD with prolonged catheter drainage (17-41 days), bowel rest, medical therapy, and parenteral nutrition have been used to treat fistulae with varying results (49) (50) (51) . Advances in the technique of PAD with prolonged catheter drainage in addition to intravenous antimicrobials and bowel rest may result in spontaneous closure of the fistula, hence avoiding the need for surgery in the acute setting. This conservative management has led to some adult patients avoiding operations in the long term (21, 52, 53) for as long as the fistula remains closed, and the active Crohn inflammation is controlled. If the fistula persists, having the drain in place still offers the advantage of less intraabdominal inflammation and fewer adhesions as well as improvement of the general status of the patient to allow for elective surgical removal of the diseased segment of bowel. Operative intervention is necessary when conservative therapy fails.
Surgical Management

Abdominal Abscess Source Control
One particularly challenging aspect in fistulizing CD is ''source control,'' or effectively removing the driving force of the abscess. Source control requires drainage of the abscess along with antimicrobial therapy. Challenges in achieving source control probably account for the majority of treatment failures and recurrent abscesses. Several reports in adults have described a higher longterm success rate when fistulae are addressed definitively (54, 55) .
Operative intervention is indicated for an abscess that is refractory to a combination of percutaneous drainage, antimicrobial, and CD therapy.
Indications and Timing of Operation
Hemodynamic instability and diffuse peritonitis are indications for urgent abdominal exploration. A prerequisite to operative management of an intraabdominal abscess is to reduce the infectious burden, which can be achieved with the use of broad-spectrum antibiotics and PAD. Once source control is achieved, definitive operation to resect the region of perforation with treatment of the associated abscess space and inflammatory mass can proceed.
The time interval between successful PAD and elective surgical resection of diseased bowel varies from center to center and may occur from several days to weeks after initial presentation (56) .
General Principles
Above all, the guiding principle in the surgical management of CD is preservation of intestinal length. In the case of enteroenteric or enterovesical fistulas, the primary goal is interruption of the fistula with limited intestinal resection. In general, loss of colonic length is less dire than loss of small bowel. In either case, macroscopically disease-free resection margins are ideal (57) .
Over time, the trend in abdominal surgery has been toward the use of laparoscopy. The benefits of laparoscopy include faster postoperative recovery, decreased risk of wound-related complications, formation of fewer intraabdominal adhesions, and better cosmesis in pediatric patients (58) . Laparotomy, however, continues to be a safe and reasonable approach to treat the complications of CD in the surgical patient who cannot tolerate insufflation of the abdomen with carbon dioxide, a necessary step in laparoscopy. Diverting ileostomy or colostomy is rarely necessary but is considered in the following scenarios: significant intraabdominal soilage-particularly with colonic perforation, inflammatory thickening of intestinal wall, and intraoperative hemodynamic instability precluding safe additional operative time needed to construct an anastomosis.
Modifiable risk factors for perioperative complications should be identified and treated. The most commonly encountered risk factors are the use of steroids and malnutrition (32) . The presence of either increases the risk for technical, anastomotic, wound healing, and infectious complications (59) . Every effort should be made to wean the steroid dose as much as the patient will tolerate, with a goal of <20 mg daily. Patients who were receiving a higher corticosteroid dose were at least 9 times more likely to develop an abscess.
Tolerance of steroid wean is usually directly related to disease activity with luminal narrowing. Consequently, low residual diet and/or total parenteral nutrition can be used to facilitate the steroid wean as well as enhance nutritional rehabilitation in the setting of inflammatory luminal narrowing (32, 60) .
Emerging experience and case series reports also suggest that some patients may be managed medically with complete resolution of the intraabdominal abscess without need for further elective surgery (27) . Of 16 adult patients with Crohn-related intraabdominal abscesses that were treated medically, 7 patients did not have recurrence of the abscess during a mean follow-up of 45 months for the entire study group (54) . A recent report of 13 adult patients with a phlegmon, 12 of whom had an associated abscess, were successfully treated with a combination of antibiotics and anti-TNF (61). Only 2 of these patients eventually required surgery, >1 year following initiation of anti-TNF therapy.
Although reported, resolution of an intraabdominal abscess with present medical therapy alone appears to remain an exception rather than the rule. Clearly, larger studies with prospective data are needed, but it appears that some Crohn-related intraabdominal abscesses may respond to conservative management without need for intestinal resection. An important concept to remember in children is that definitive management of their underlying pathology may avoid long-term disruptions to their psychosocial environment in the form of need for rehospitalization or chronic percutaneous drainage, antibiotic or parenteral nutrition management. It is unclear, at this point, whether the benefit of preservation of a short segment of intestine involved in penetrating CD outweighs chronic disruption of normal psychosocial development in children. Definitive management of the perforation and abscess with resection of the intestine may, in fact, get a child back to school and age-appropriate activities more quickly.
Nutrition
Objective measures of nutritional repletion should be obtained, including historical weights (a clue to duration of disease and degree of catabolism), daily weights, serum albumin, and prealbumin. Consideration should be given to bowel rest until the abscess is drained. Once the abscess has been drained and shown to not reaccumulate, a trial of enteral feeding is warranted and often successful. The presence of an actively flowing fistula is another indication for bowel rest. Feeding a patient with an ongoing fistula will increase the flow across the fistula. Feeding should be restarted once the clinical picture is consistent with closure of the fistula. A liquid diet is an option to be considered along with parenteral nutrition, and can be administered safely at a lower cost as an outpatient. In the event of intolerance of enteral feeding, parenteral nutrition should be used and definitive operation should be undertaken in a timely fashion upon normalization of nutritional parameters.
RECOMMENDATIONS
Intraabdominal abscess in pediatric CD should, at the least, be managed with antimicrobials. Maximal doses of antimicrobials should be used for abscesses that cannot be drained. An abscess >2 cm is amenable to percutaneous drainage. In the setting of clinical improvement and a decrease in percutaneous drain output to <10 mL/day, the drain is discontinued and the patient is discharged to complete the parenteral antimicrobial with instructions to return for re-imaging in 1 to 2 weeks. Absence of clinical improvement 3 to 5 days following percutaneous drain placement, however, should prompt re-imaging of the abscess. Persistence of the abscess will require surgical drainage with resection of the affected intestinal segment (Fig. 1) . Corticosteroid should ideally be weaned to a goal of <20 mg of prednisone per day, before surgery. Medical therapy of CD should be optimized and may include continuation of biologic therapy to target the severe intestinal inflammation or fistula that initiated the intraabdominal abscess. Expert opinion indicates that immunosuppressive therapy can be started soon after successful percutaneous drainage of CD-related abscess to enable healing of the diseased bowel and prevent abscess recurrence (27) .
Definitive surgical management of the abscess and diseased intestinal segment should be used when small bowel obstruction or intraabdominal sepsis persists in spite of medical therapy, thereby allowing the child afflicted with complicated CD to return to normal growth and psychosocial development.
